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Abstract The frequency at which Salmonella Typhimurium (ST) and Escherichia coli were recov-
ered from tryptic soy agar (TSA), brilliant green agar (BGA) and MacConkey agar (MAC) alone or
supplemented with 2 and 16 µg oxytetracycline, 4 and 16 µg tetracycline, 2 and 64 µg kanamycin
and 0.25 and 2 µg enrofloxacin was investigated. Recovery of E. coli and ST from unsupplement-
ed TSA, BGA and MAC was >1 X 109 CFU for all strains. Recovery of ST from TSA and MAC, and
two strains of E. coli from BGA supplemented with the high antibiotic levels were less than 1 in
108 for all antibiotics tested. Differences observed in frequencies of E. coli and ST at both low and
high antibiotic levels on TSA, BGA and MAC media has implications for in vitro and in vivo assess-
ments of antibiotic resistance.
Introduction The use of antimicrobials in food animals has reduced morbidity and mortality
caused by Escherichia coli and Salmonella, which are major causes of gastrointestinal, septicemia
and respiratory tract infections in humans and production animals (Hopkins et al, 2005).
Salmonella Typhimurium (ST) is an important cause of food poisoning in humans and although
pigs may not develop clinical salmonellosis, they pose a serious disease-causing threat to humans
by their carriage of the bacteria in meat and feces (Hurd et al, 2002; Roesler et al, 2005).
Tetracyclines, fluroquinolones and aminoglycosides are classes of broad-spectrum antibiotics used
to effectively control bacterial infection in humans and swine; however, misuse may promote
development of drug resistant microbial populations (Threlfall et al, 1997a; Threlfall et al, 1997b;
Threlfall et al, 1999; Threlfall et al, 2000; Walsh et al, 2001). The spontaneous rates of antibiotic
resistance among bacterial populations depend on exogenous environmental factors interacting
with intrinsic genetic features of a particular strain. In addition, composition of growth media, con-
centration of antibiotics used for selection, heat stress as well as the mutagenic nature of the
antibiotics themselves factor into the spontaneous acquisition of antibiotic resistance by bacteria
(LeClerc et al, 1996; Martinez, 2000). 
Previous comparative studies with animal isolates, as well as with experimentally- selected
Salmonella mutants, have indicated that while spontaneous acquisition of antibiotic resistance
can occur (Giraud et al, 1999), quantitative data pertaining to rates of acquisition are lacking. Thus,
it is important to understand mechanisms of evaluating acquisition of endogenous antibiotic
resistance due to spontaneous mutations among bacterial species such as E. coli and Salmonella,
and techniques used for antimicrobial resistance screening in swine populations.
Recent studies by our research group showed minimal differences in the frequency of sponta-
neous acquisition of resistance to select antibiotics by pure cultures of ST grown in continuous
flow culture at slow and fast dilution rates (Kim, 2005). A logical extension of this work would be
to quantify the acquisition of resistance of Salmonella grown in mixed culture. It is thus important
to evaluate methods used to investigate acquisition and/or quantification of resistance. The pres-
ent work investigates the effect of different media in quantifying the frequencies of recovery of
ST and E. coli colonies when plated on three types of culture media supplemented with a range
of various broad-spectrum antibiotics.
Materials and Methods Three types of selective media, tryptic soy agar (TSA), brilliant green
agar (BGA) and MacConkey’s agar (MAC) were used for quantifying the recovery of one strain of
ST and two strains of E. coli. The E. coli and ST strains did not exhibit any previously characterized
phenotypic susceptibility to antibiotics used in this study. Strains were grown overnight in aerated
tryptic soy broth at 37°C, then 100 µl was used to inoculate 8 ml of fresh tryptic soy broth. 
Fresh cultures were grown until log phase and then were serially diluted in PBS and 100 µl
aliquots were spread on TSA, BGA or MAC agar plates that contained no antibiotic, or low or high
levels of either aminoglycoside (2 µg or 64 µg kanamycin), tetracycline (2 µg or 16 µg oxytetracy-
cline; 4 ug or 16 µg tetracycline) or fluoroquinolone (0.25 µg or 2 µg enrofloxacin) antibiotics as
detailed (Kim et al, 2005). After 24-48 hr incubation at 37°C, ST and E. coli colonies from each
treatment were counted and the mutation frequencies assessed as a factor of the number of
viable cells of each culture grown on plates without added antibiotic.
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Results Frequency of recovering the two E. coli strains from TSA, BGA and MAC agar plates are
shown in Table 1. Rates of recovery from unsupplemented media were similar for both E. coli
strains tested on all three agar types. For both strains of E. coli, the frequency of recovery of
colonies from TSA and BGA containing any amount of kanamycin and enrofloxacin was less than
1 in 109; however, both strains showed higher frequencies of recovery (1 in 102 and 1 in 101
respectively) on MAC plates supplemented with low level kanamycin (2 µg). Major differences
were seen for both E. coli strains on TSA and MAC plates containing either levels of tetracycline
or oxytetracycline, with frequencies of recovery of colonies ranging from 8 in 103 to as high as 1.5
in 10, which was much higher than that seen on BGA plates (~1 in 107). 
From Table 2, the frequency of recovering the ST strain on all media containing higher levels of
antibiotics was less than 1 in 109 for all the antibiotic types, with the exception of those obtained
on BGA plates (8.3 in 106 on 16 µg oxytetracycline; 1.2 in 101 on 16 µg tetracycline and 5.8 in 106
on 2 µg enrofloxacin). Recovery from 2 µg kanamycin-supplemented media showed a susceptibili-
ty difference for ST on all three media types. Overall, the frequency of recovery of ST on BGA
was much higher than that observed on TSA and MAC for all antibiotic types and levels tested.
Discussion Previous work (Kim et al, 2005) showed that minimal susceptibility differences were
seen in Salmonella obtained from continuous flow cultures grown at slow and fast dilutions rates
when tested on the same antibiotics and concentrations used in this study. We have shown that
the quantitative appearance of spontaneous acquisition of resistance to select antibodies in three
broad-range classes (tetracyclines, fluroquinolones and aminoglycosides) is dependent on both
antibiotic concentration and type of media used.  We caution; however, that the true resistance
exhibited by these strains needs to be confirmed by testing the minimum inhibitory concentration
of the antibiotics against representative survivors.   
Recovery frequencies of both the E. coli strains and the ST strain used in this study seemed
to depend on type of media used in selection. Both E. coli strains showed much higher frequen-
cies of resistant colonies when grown on TSA or MAC supplemented with either low or high lev-
els of tetracycline or oxytetracycline than when grown on similarly supplemented BGA (> 105 fold
higher). Except for the recovery from the plates containing low levels of kanamycin (2 µg), the fre-
quency of recovering apparently resistant ST was much higher on BGA plates (ranging from 106 to
108-fold differences) than when grown on TSA or MAC plates with the same concentration and
type of antibiotic for all the antibiotic classes tested.
In the detection and isolation of Salmonella strains and E. coli, direct plating using selective media
has been well characterized (Dusch, 1995) as has enrichment techniques for enhancing detection in
production animals when low concentrations are evaluated (Christensen et al, 2002; Nam et al, 2004;
Pao et al, 2005; Stege et al, 2000). Techniques to determine resistance susceptibility are especially
important to quantify multi-drug resistance among enteric bacteria propagated in swine and other
food animals and the subsequent risk of  transfer to humans (Levy et al, 2004; Sayah et al, 2005).
Conclusions This
study confirms
the potential for
misappropriation
of using a simple
one plating tech-
nique to quantify
the frequency of
resistance in bac-
terial isolates
using different
types of selec-
tive media con-
taining different
levels of antibi-
otics. The type of
selective media
(e.g. BGA, TSA or
MAC) as well as
the type and concentration of antibiotic will
affect frequency counts for different bacteria,
Antibiotic
Frequency of
recovery on TSA
plates
Frequency of
Recovery on
BGA plates
Frequency of
Recovery on
MAC plates
Strain
1*
Strain
2§
Strain
1*
Strain
2§
Strain
1*
Strain
2§
Oxytetracycline 0.2 µg 1.7x10-9 4.0x10-2 4.0x10-5 9.9x10-7 1.6x10-1 5.5x10-3
Oxytetracycline 16 µg 6.7x10-3 6.1x10-2 3.2x10-8 5.5x10-8 8.3x10-3 8.3x10-2
Tetracycline 4 µg 2.5x10-3 9.1x10-2   1.6x10-8 1.1x10-7 2.5x10-2 1.6x10-1
Tetracycline 16 µg 4.2x10-3 1.5x10-1   2.4x10-8 1.1x10-9 4.1x10-2 8.3x10-2
Kanamycin 2 µg 1.0x10-9 1.0x10-9 7.9x10-11 1.1x10-9 4.1x10-2 1.3x10
Kanamycin 64 µg 8.3x10-11 1.0x10-9 7.9x10-11 1.1x10-9 8.3x10-10 2.7x10-9
Enrofloxacin 0.25 µg 8.3x10-11 1.0x10-9 7.9x10-10 1.1x10-9 8.3x10-10 2.7x10-9
Enrofloxacin 2 µg 8.3x10-11 1.0x10-9 7.9x10-11 1.1x10-9 8.3x10-10 2.7x10-9
Table 1: Effect of antibiotics and media on recovery of  E. coli.
*Plate counts (CFU/ml) for strain 1 with no antibiotics grown
on TSA: 1.2 x 1011; BGA: 1.3 x 1010 and MAC: 1.2 x 1010.
§Plate counts (CFU/ml) for strain 2 with no antibiotics grown
on TSA: 9.9 x 109; BGA: 9.1 x 109 and MAC: 3.6 x 109.
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which may under- or over-estimate actual drug resistance in E. coli and Salmonella spp. Current
methods for recovery and quantification of antibiotic resistance in vitro and in vivo should include
verification steps to avoid underestimating or overestimating the incidence of resistant Salmonella
and E. coli in swine and other production animals.
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Antibiotic
Frequency of
recovery on
TSA plates*
Frequency of
Recovery on
BGA plates*
Frequency of
Recovery on
MAC plates*
Oxytetracycline 0.2 µg 1.3 x 10-4 4.6 x 10-1 1.3 x 10-6
Oxytetracycline 16 µg 1.3 x 10-9 8.3 x 10-6 1.3 x 10-9
Tetracycline 4 µg 1.9 x 10-9 5.4 x 10-1 1.3 x 10-9
Tetracycline 16 µg 5.2 x 10-8 1.2 x 10-1 1.3 x 10-9
Kanamycin 2 µg 2.9 x 10-1 8.3 x 10-5 3.4 x 10-2
Kanamycin 64 µg 1.3 x 10-9 8.3 x 10-10 1.3 x 10-9
Enrofloxacin 0.25 µg 1.3 x 10-9 2.3 x 10-1 2.6 x 10-7
Enrofloxacin 2 µg 1.3 x 10-9 5.8 x 10-6 1.3 x 10-9
Table 2: Effect of antibiotics and media on recovery of Salmonella
Typhimurium. *Plate counts (CFU/ml) for Salmonella grown with
no antibiotics on TSA: 1.1x1010; BGA: 6.9x109 and MAC: 6.0x109.
